Objective: Measuring serum tumour necrosis factor-a (TNF-a) and Regulated upon Activation Normal T cell Expressed and Secreted (RANTES) in neonatal sepsis and determining whether early and late onset sepsis were associated with differences in their concentrations.
Introduction
Neonatal sepsis is a life-threatening event affecting 3 to 5 neonates per 1000 live births. 1 Epidemiological studies of neonatal infections usually divide so-called early-onset infections from late-onset infections at somewhere between days 3 and 7 of life with the assumption that early-onset infections are presumably transmitted perinatally from the mother and late-onset infections are acquired postnatally from an environmental source. 2 Early identification of severely infected infants is recognized as being a major diagnostic problem. 3 In many cases, decisions to treat are based on risk factors and on nonspecific signs and symptoms, and a delay in instituting antibiotic therapy may have adverse consequences in cases of true neonatal sepsis. 4 The inflammatory cascade in sepsis and the use of newly discovered inflammatory mediators are focused on for diagnosis and outcome prediction. 5, 6 The initiation of the inflammatory cascade is characterized by coordinated expression of proinflammatory cytokines and chemokines, [7] [8] [9] which are essential for host defence against microbial infection. 6 Chemokines are a family of structurally related small molecular mass proteins (8 to 12 kDa) that share the ability to induce migration of specific subsets of leukocytes to areas of inflammation at a very early stage. [7] [8] [9] Therefore, the upregulation of these pro-inflammatory mediators should contribute positively to the anti-infection process by fighting against invading pathogens.
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Regulated upon Activation Normal T cell Expressed and Secreted (RANTES) is representative of C-C chemokines. It is chemotactic for eosinophils, as well as monocytes, basophils and memory T cells, with less activity on mast cells. 10 In addition, it acts as an antigen-independent activator of T cells, mediating a spectrum of cellular responses such as calcium channel opening, cytokine release and IL-2 receptor expression. 11 Ng et al.
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showed that IL-10, IL-6 and RANTES measured at clinical presentation sensitively and accurately predicted the development of disseminated intravascular coagulation in severely infected infants.
In recent years, several new markers of infection have been investigated. Although promising data have been published, problems with invasiveness, response time and specificity remain to be solved. [13] [14] [15] Many of these studies have not even differentiated between early-and late-onset infection, which may alter the diagnostic characteristics of a particular test and confound the comparison of published reports. 16 Our aim was to study serum levels of tumor necrosis factor-a (TNF-a) and RANTES in neonatal sepsis as diagnostic markers and to determine whether early-and late-onset neonatal sepsis were associated with differences in their concentrations. 15 or late-onset (clinical deterioration after 3 days of age) infection 16 were eligible for participation. The exclusion criteria were: (1) severe congenital anomalies; (2) confirmed intrauterine viral infection (toxoplasmosis, rubella, cytomegalovirus, syphilis and herpes); (3) patients with radiological findings consistent with necrotizing enterocolitis; and (4) patients who had just undergone surgery.
Methods
Clinical criteria according to which sepsis evaluation was performed were divided into five categories. 17, 18 (1) Frequent episodes of apnea and bradycardia; (2) seizure or change in level of consciousness; (3) tachypnea, dyspnea or increase in respiratory support; (4) signs of septic shock; and (5) fever or temperature instability. A total of 15 healthy neonates were included as control group. A routine evaluation included complete blood cell count with a manual differential and a platelet count; C-reactive protein (CRP) at first suspicion of sepsis; and a peripheral blood culture and cerebrospinal fluid culture. Urine culture was performed only for evaluation of the late-onset sepsis. TNF-a and RANTES were determined in the serum at the first suspicion of sepsis and before commencement of antibiotic therapy.
Blood culture Blood (1 to 2 ml) was inoculated into 5 ml blood culture bottles (Micrognost, Biotech, Dreieich, Germany). The bottle was incubated aerobically at 37 1C. A blind subculture was done after 18 h; if no growth was obtained, the bottles were examined daily for 7 days. Media used for subculture included chocolate agar, 5% sheep blood agar and MacConkey's agar (Oxoid, Northamptonshire, UK).
Cytokine determinations
Venous blood (1 ml) was collected for cytokine and chemokine determinations into tubes; the tubes were immersed in ice and immediately transported to the laboratory for processing. Centrifugation was done at 4500 r.p.m. for 5 min at 4 1C within 30 min of collection, and sera were transferred to plastic tubes and were stored at À70 1C till analysis. 19 All clinical specimens were stored and processed identically to ensure uniformity of measurements. None of the samples were thawed before analysis. 20 Measurement of RANTES by ELISA RANTES was measured in serum samples. The BioSource Human RANTES enzyme-linked immunosorbent assay (ELISA) was used (BioSource, Nivelles, Belgium). A total of 50 ml of the standard diluent buffer was added to zero wells. In total, 50 ml of standard, sample or control was added to the appropriate microtiter wells and 50 ml of biotinylated anti-RANTES (Biotin conjugate) solution was pipetted into each well and incubated for 1 h at room temperature. Wells were aspirated and washed. Streptavidin-horseradish peroxidase working solution (100 ml) was added to each well except to the chromogen blank. After incubation for 30 min at room temperature, wells were aspirated and washed, and 100 ml of stabilized chromogen was added to each well. After incubation for 30 min at room temperature and in dark, 100 ml of stop solution was added to each well. Absorbance of each well was read at 450 nm after blanking the plate reader against a chromogen blank composed of 100 ml each of stabilized chromogen and stop solution.
Measurement of TNF-a by ELISA EASIA TM ELISA Kit (Biosource, Nivelles, Belgium) was used. A total of 50 ml incubation buffer was added to all wells, 200 ml standard, control and sample was added and incubated for 2 h at room temperature. After washing with buffer, 100 ml of standard zero (A reagent provided upon request) was added to each well followed by 50 ml horseradish peroxidase conjugate and incubated for 2 h at room temperature. After washing with buffer, 200 ml tetramethylbenzidine chromogenic solution was added to each well and incubated for 30 min at room temperature. A total of 50 ml stop solution was added to each well and the absorbance was measured at 450 nm.
Statistical analysis
Data were analyzed using SPSS for Windows statistical package (SPSS, Chicago, IL, USA). Summary statistics of data were expressed as mean ± s.d., median and 25th to 75th percentiles (interquartile range). The Kolmogrov-Smirnov test was performed to check normal distribution of data. Nonparametric data were assessed by the w 2 -test and the Mann-Whitney U-test for continuous variables. Independent samples t-test were used for parametric data. For correlation analysis, Spearman's correlation coefficients were calculated. A P-value <0.05 was considered statistically significant. The sensitivity and specificity for all possible cutoff values were calculated for samples to construct the receiver operating characteristic curves for each marker. The optimal cutoff point for each marker was selected as the value with the shortest distance to the northwest corner of the receiver operating characteristic curve. Data were analyzed in terms of sensitivity and specificity to allow the selection of the best diagnostic marker.
Results
Among the 15 enrolled septic neonates, 9 were preterm and 6 were full-term, 8 had early-onset sepsis, whereas 7 had late-onset sepsis. A total of 11 patients from the septic group had a positive peripheral blood culture. No patient in this group had either positive cerebrospinal fluid or urine culture. The clinical characteristics of the study population are summarized in Table 1 . There were no significant differences in gestational age, appropriateness of gestational age, mode of delivery, prematurity or gender between the septic and the nonseptic (control) groups.
The results in Table 2 show that serum TNF-a concentrations, white blood corpuscles (WBC) count and CRP concentration were significantly higher in the septic group than in the nonseptic group. On the other hand, RANTES was significantly lower in the septic group than in the nonseptic group, whereas platelets count did not show any significant difference between the two groups.
A separate analysis was performed to determine whether there was a difference between infants suffering from an early-onset (n ¼ 8) or late-onset sepsis (n ¼ 7); no significant difference in the RANTES or TNF-a levels between the two groups was detected ( Table 3) .
The levels of RANTES and TNF-a of septic term (n ¼ 6) and preterm (n ¼ 9) infants were compared. Premature neonates, similar to term neonates, responded to infection with an increased production of TNF-a and a decreased production of RANTES. No statistical difference was detected between the RANTES and TNF-a levels measured in the serum of premature and term neonates ( Table 4) .
The receiver operating characteristic curve of studied markers at first suspicion of sepsis is shown in Figure 1 . By using receiver operating characteristic curve, the largest area under the curve was that of TNF-a followed by CRP, WBC count and platelet count, respectively. However, RANTES had the least area under the curve. CRP specificity even decreased from 68 to 37% when it was combined with that of RANTES.
Correlation analysis revealed a significant negative correlation between serum levels of TNF-a and RANTES (F ¼ À0.42; r ¼ 0.02), and a significant positive correlation between serum levels of CRP and TNF-a (F ¼ 0.36; r ¼ 0.05) in neonatal sepsis cases. No significant correlation existed between CRP and RANTES (F ¼ À0.28; r ¼ 0.14), or between either TNF-a or RANTES and Abbreviations: RANTES, regulated on activation normal T-cell expressed and secreted (expressed as median (interquartile range)); TNF-a, tumour necrosis factor-a (expressed as mean ± s.d.). P>0.05.
ROC Curve
1 -Specificity Diagonal segments are produced by ties. Abbreviations: CRP, C-reactive protein; RANTES, regulated on activation, normal T cell expressed and secreted; TNF-a, tumor necrosis factor-a; WBC, white blood corpuscles. Parametric data were expressed as mean±s.d. Nonparametric data were expressed as median (interquartile range). P<0.05 was considered significant. a Significant difference (P<0.05) septic and non septic groups. A total of 11 cases with neonatal sepsis were blood culture proven and the microorganisms isolated were as follows: Klebsiella pneumoniae (n ¼ 5), Staphylococcus aureus (n ¼ 2), coagulase-negative staphylococci (n ¼ 2), Escherichia coli (n ¼ 1) and candidiasis (n ¼ 1). However, RANTES concentration showed no significant difference between cases with Gram-positive and those with Gram-negative neonatal sepsis (P ¼ 0.5).
Discussion
This study showed that in neonates, C-C chemokines RANTES and TNF-a are of value as early markers in diagnosis of neonatal sepsis. They contribute to the body of evidence that RANTES and TNF-a add a valuable statistical power to the routinely used laboratory tests (WBC count, platelets and CRP).
In this study, we showed that serum RANTES was significantly lower, whereas serum TNF-a concentration was significantly higher in the septic than in the nonseptic group. This was in accordance with Martin et al., 21 who stated that the median serum level of TNF-a level was higher in the sepsis than in the nonseptic group (P<0.05).
Ng et al. 12 also stated that RANTES concentrations were significantly decresed in the severely infected infants when compared with less seriously infected ones. Similarly, KrolakOlejnik et al. 22 stated that, in preterm neonates with early sepsis, cord blood RANTES concentrations were lower than nonseptic term (P<0.05) and preterm cord blood concentrations (P<0.05). This is in contrast with Wasek-Buko et al., 23 who stated that septic prematures had significantly (P<0.001) higher mean serum RANTES concentration than did healthy preterm newborn, and with Krolak-Olejnik et al., 24 who found that during infection of term and preterm neonates, RANTES concentrations did not increase.
When we compared the levels of RANTES and TNF-a of septic term versus preterm infants, premature neonates, similar to term neonates, responded to infection with an increased production of TNF-a and a decreased production of RANTES. However, no statistical difference was detected between the RANTES and TNF-a levels measured in the serum of premature versus term neonates. This was inconsistent with the results of Krolak-Olejnik et al., 22 who found that healthy preterm neonates had lower RANTES concentrations than did term ones, and with the results of Dammann et al., 25 who measured RANTES along with 14 other markers of inflammation in cord blood and postnatal serum from extremely low gestational age newborn infants, using recycling immunoaffinity chromatography, and found that RANTES was considerably higher in preterm samples than in term newborns.
Several potential explanations exist for the differences in the above-mentioned results. First, differences in the assays used to determine chemokine concentrations in each situation; recycling immunoaffinity chromatography uses whole blood samples, whereas the ELISA in this study used serum samples. Second, Dammann et al. 25 studied extremely low gestational age newborn infants, whereas we studied preterm appropriate for gestational age neonates.
Results of this study indicate no significant difference in the RANTES or TNF-a levels between early-onset and late-onset sepsis neonates. It also showed that the higher the TNF-a level, higher the CRP and lower the RANTES levels in our studied neonates. The most useful markers of neonatal sepsis in our study were serum TNF-a and CRP at the time of the initial suspicion of sepsis, being more superior than WBC count, platelet count and RANTES. Finally, we can conclude that C-C chemokines, RANTES and TNF-a are of value as early markers in diagnosis of neonatal sepsis and that in this study, TNF-a is found to be the best diagnostic test for detection of neonatal sepsis followed by CRP when evaluated at first suspicion of sepsis.
